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Experiments with electrophoretic application of ionizable substances to the
skin (H. A. Abramson (1), H. Alexander (2)) led to the attempt to devise a
method for testing the autonomic reactibiity of the skin by using iontophoresis.
In former investigations (F. Deutsch (3)) it could be shown that a slightly
scratched area of the skin, upon which a drop of a mixture of histamine plus
mecholyl or histamine plus adrenalin is applied, reacts to this stimulation ac-
cording to the autonomic irritability of the skin. The basis of this test is:
1) that histamine applied to a small skin area which is slightly scratched causes
a wheal surrounded by a red flare (Th. Lewis (4)); the size of the wheal varies
in different individuals as well as in the same individual at different times.
2) That autonomic pharmacological stimuli put on a area of the skin before or
after such application of histamine inhibits or facilitates the histamine reaction
compared with a histamine wheal used as control (F. Deutsch (3)). By and
large cholinergic substances such as mecholyl cause an increase in the size of the
wheal, whereas adrenergic substances, such as adrenalin, cause a decrease in the
size of the wheal or eventually a complete suppression of the wheal. This
behavior of the skin tissue was then used to make a quick and simple determina-
tion of the autonomic potentiality of the skin.
Since the histamine-, mecholyl-, and adrenalin radicals are positively charged
ions, it suggested itself to choose electrophoresis for driving them into the skin
in this way instead of scarification. The change to the electrophoretic method
seemed advisable because of some disadvantages which accompanied the scratch
method: 1) the scarification of the skin makes some patients somewhat ap-
prehensive because of the anticipation of discomfort; 2) the wheal formation
depends to some extent on the depth of the scarification. These sources of
error do not play a role in the electrophoretic production of a histamine wheal.
Using iontophoresis it was necessary to devise a method for the evaluation of the
wheal formation, which should indicate the autonomic skin sensitivity.
METIIOD
A simple galvanic circuit was constructed so as to yield up to one milliampere,
A 45-volt dry battery was attached to three milliammeters in series with a 5000-
ohm resistance, which were connected in parallel, so that the negative pole was
common to all three. The negative, or indifferent electrode was made out of a
sheet of block tin, coiled around a cardboard cylinder with a one-inch diameter,
so that the subject could hold it comfortably in his hand. A flannel soaked in
physiological saline solution covered the electrode.
The problem of securing a positive electrode was to meet the requirement of
1 This investigation has been aided by a grant from the Josiah Macy, Jr. Foundation.
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driving in the anion sufficiently quickly to produce the desired effect. Aluminum
as a relatively inactive substance and as a good conductor seemed to offer the
best possibilities. For this reason an aluminum rod with a one-eighth-inch
diameter and a length of two and one-half inches was used as the positive elec-
trode. The one end, which had to carry the flannel moistened with the drug,
was slightly hollowed in order to assure a close contact. At the other end a
hole was drilled to which a copper wire was attached. This wire was then
connected with the milliammeter. A part of the electrode was insulated so it
could be easily held when used for the electrophoresis.
The following solutions were used for the electrophoresis:
Histamine dihydrochioride (Imido—Hoff man LaRoche), or histamine
acid phosphate, which was diluted with equal parts of water.
Mecholyl 0.025, which was dissolved in five drops of water.
Adrenalin chloride (1:1000) which was not further diluted.
Physiologic sodium chloride solution.
PROCEDURE
In applying these substances to the skin by electrophoresis a number of factors
had to be considered which might vary the quantity and mobility of the particles
entering the skin. They are: 1) The concentration of the solution; 2) the size
of the electrode; 3) the duration of application; 4) the current intensity.
The first factor does not necessarily have a direct influence on the extent o
the reaction produced, since the degree of ionic dissociation of different concen
trations of solutions varies. In regard to this point, the solutions which were
used in these experiments always had the same concentration. The second
factor, i.e., the size of the single electrode, is a factor which can easily be kept
constant in order to avoid the sources of error mentioned above. But further-
more the three positive electrodes had to be of equal size to make the electro-
phoretic results comparable. As far as the influence of the last two variables—
the current intensity and the duration of application—is concerned, it was firstly
desirable to make the skin permeable as quickly as possible for the current in-
tensity chosen to transfer the ions into the skin. It was found that a fraction of
one second and up to two seconds might elapse before the current could be
brought to the desired milliamperage. Since it was intended to use the lowest
inilliamperage and the shortest time of application necessary to produce a his-
tamine wheal, these variables had to be taken into account. In the course of
the experiments it was noted that the shortest suitable time for the histamine
ionization was five second, when a .2 MA current intensity was used. The wheal
then developed in 5'—lO' to its niaximum size. At the end of two or three
minutes the wheal was usually distinct enough to be measured.
Since the aim of the procedure was to evaluate the autonomic sensitivity of the
skin, the effect of mecholyl or adrenalin on the size of a histamine-induced wheal
bad to be determined. Neither mecholyl nor adrenalin applied by electrophore-
sis for 20" produces a wheal. Mecholyl alone sometimes causes an erythema.
Adrenalin alone causes a distinct white area. If histamine is introduced electro-
AUTONOMIC SKIN TEST WITH ELECTROPHORESIS 89
phoretically into areas of the skin pretreated with mecholyl the wheal formation
remains either unchanged or becomes intensified. If the skin area is pretreated
with adrenalin the wheal formation is either retarded and diminished or com-
pletely prevented. It was found that a current intensity of .2 MA and an ap-
plication of the current for twenty seconds gave the best results. The size of
the resultant wheals could then have been compared with the size of a histamine-
induced wheal, appearing five seconds after application of the current to an area
which was not -pretreated. However, the objection could not be discarded that
the control area had been under the effect of the electric current for only five
seconds, whereas the two others had been under it for twenty seconds longer.
Therefore, to equalize the length of time the three areas were exposed to the
electric current, the control area was pretreated with a physiological sodium
chioride solution or twenty seconds.
The routine procedure was then as follows: The flannel-covered, hollowed-out
ends of three aluminum rod electrodes were moistened with physiological NaCl-,
mecholyl-, and adrenalin solutions respectively. The shielded electrodes were
held manually in quick succession on three marked-off spots on the volar surface
of the forearm close to the elbow fold. However, to avoid a confluence of the
flares, the electrodes were applied at least one and one-half inches apart. A
current intensity of .2 MA flowed through these spots for twenty seconds. Ex-
cess fluid was wiped away and immediately thereafter another electrode mois-
tened with the histamine solution was placed for five seconds, and with .2 MA
current intensity, exactly over the centers of each of these pretreated areas.
MEASUREMENT OF THE WHEAL AND FLARE
The greatest length and the corresponding greatest width perpendicular
thereto of the wheals, the flares, and the white areas were measured with a
vernier-caliper at the end of five, ten, twenty, and thirty minutes. These
values were recorded.
In comparing the size of the wheals, exact measurements of their greatest
length and width were taken, whereas their heights were only grossly estimated,
or their differences described in words if necessary. It would have been desirable
to measure the heights too, but it appeared that the wheals were too small for
that. Unfortunately, the contour gauge devised by Abramson', which seems to
give excellent results in measuring large wheals, could not be applied for wheals
of this small caliber. There were no great difficulties in measuring the red
flares around the wheal or the white areas on or around the adrenalin wheal.
The maximum linear dimensions of the flares were between 15 mm. and 35 mm.;
of the wheals, between 2.5 mm. and 10 mm. The products of the two linear
dimensions of the wheal or the white areas were plotted graphically. Although
these values do not represent the exact area, the relations between the different
wheals are in the same ratio. This follows from the fact that the wheals were
almost always nearly elliptical or circular and the area of an ellipse is equal to
ird,. where d, and d2 are the diameter. Thus the factors , which is constant
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for all the areas, was disregarded. Remarks as to the height of the wheal, etc.,
were noted on the graph. Where a white ring surrounded a wheal its size was
graphed by subtracting the ordinates of the adrenalin wheal area from that of the
ordinates of the "adrenalin wheal plus white area." With the help of the graphs
thus constructed, the degree of the cholinergic or adrenergic reactibility was
estimated.
If the histamine wheal as influenced by mecholyl was larger than the sodium
chloride-histamine wheal only part of the time of the observation, the reaction
was considered one plus cholinergic. If it was larger throughout the whole time
of the observation and tended to increase in size at a more rapid rate than the
histamine-induced wheal, it was considered two plus. If, in addition to this,
the mecholyl-induced wheal remained after the histamine-induced wheal had
disappeared, it was considered three plus.
In estimating the degree of adrenergic skin reactibility from the graph, the
total suppression of the wheal and the appearance of a distinctly white area was
CHART 1
Name: St. B. Date: 5/16/41
Age: 94 Sex: F Wt.: 106 lbs. Ht.: 5'3" BP.: 124/80 PR.: 96
TESTING
SUBSTANCE
RESULTING
REACTION
SIZE IN MILLIMETERS ASTER:
REMARKS
3 minutes 10 minuteS 20 minutes 30 minutes
5' histamine plus
20' NaCl aol.
Wheal
Flare
.76 X .60 = .456
3.30 X 3.15
.86 X .75 = .645
3.05 X 3.14
.70 X .60 .420
low
2.00 X 3.25
.60 X .72 .432
very iow
2.60 X 3.30
5' histamine plus
20' mecholyl
Wheal
Flare
.53 )( .50 .265
2.34 X 2.60
.56 X .66 = .370
1.85 )( 2.70
.50 X .56 = .280
1.95 X 2.00 1.40 X 2.06
— cho-
liner-
gic
—adren-
ergic
5' histamine plus
20' adrenaline
Wheal
White area
Flare
.60 X .6 .360
3.30 X 3.40
.50 X .75 = .370
3.14 X 3.80
.87 X .64
3.20 X 3.60
.96 X .70
2.95 X 3.20
considered to be three plus adrenergic. Where the adrenalin white area ap-
peared within five minutes, but was still accompanied by a distinct wheal, the
reaction was considered to be two plus. Where the adrenalin white area ap-
peared only after ten minutes and was accompanied by a distinct wheal, the
reaction was considered one plus.
The criteria regarding the size of the wheal were not always easily applicable
to the histamine wheal as influenced by adrenalin, because either the linear
dimensions of this wheal were sometimes as great as the control wheal, but always
much flatter, or instead of a solidified wheal there often appeared only a char-
acteristic pitting.
RESULTS
As far as the sizes of the flares are concerned, the differences between them were
not striking. The differences consisted more in the intensity and the equality
of the color tone, and in the time in which the flares faded out.
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As far as the evaluation of the autonomic reactibiity is concerned, considered
from the standpoint of the whealing response, the total reactions were classified:
As neutral, when the histamine reaction as influenced by either mecholyl or
adrenalin showed no difference when compared with the control; as cholinergic,
when only the histamine pius mecholyl reaction was more intensive; as adrenergic,
when only the histamine plus adrenalin reaction was prevailing; and as divergent,
when both reactions were greater than the control.
CHART 2
Name: Zw. j Date: 4/18/41
Age: 28 Sex: F Wt.: 126 lbs. Ht.: 5'" BP.: 126/78 PR.: 72
TESTING
SUBSTANCE
5' histamine
plus20'NaCl
sol.
RESTJLTING
SIZE IN MILLIMETERS AFTER:
5 minutes 10 minutes 20 minutes 30 minutes
.52 X .92 = .478 .70 X 1.15 .805
2.9 X 3.8 2.8 X 3.76 2.4 X 3.2 2.6 X 3.24
REMARKS
REACTION
Wheel
Flare
5' histamine
plus 20' me-
cholyl
Wheal
Flare
.74 X .68 = .503
3.2 >13.4
.74 X 1.05 = .777
2.84 X 3.26
1.06 X .55 .583
3.0 X 2.28
.95 >11.10 1.045
3.1 )( 2.35 ++ cholin-.
ergsc
5' histamine
pIus 20' ad-
renaline
Wheal
White
area
Flare
.53 X .60 = .318
1.05 X 1.00
3.05 X 2.8
1.12 X 1.05
2.86 X 2.70
1.04 X 1.06
2.66 X 3.05
1.05 X .96
2.56 >1 2.75
+++adren-
ergic
CHART 3
Name: D. E. Date: 4/8/41
Age: 17 Sex: F Wt.: 120 lbs. Ut.: 5'S? BP.: 110/80 PR.: 66
TESTING
SUBSTANCES
5' histamine plus
20' NaC1 sol.
RESULTING
REACTION
Wheal
Flare
SIZE IN MILLIMETERS AFTER:
REMARKS
5 minutes
1.00 X .82 = .820
3.34 X 3.70
10 minutes
1.00 X .82 = .820
3.22 X 3.40
20 minutes
.82 >1 .72 .590
low
3.14 X 2.90
30 minutes
.76 X .70 = .530
flat
2.7 >1 3.06
5' histamine plus
20' mecholyl
Wheel
Flare
.95 >1 .80 = .760
3.08 X 3.17
.87 X .80 = .696
3.44 X 3.97
.86 X .82 = .705
3.04 X 3.12
.80 X .85 = .680
flat
2.95 >12.74
—oholiner-
.gin
5' histamine plus
20' adrenaline
Wheel
White
area
Flare
1.12 X 1.18
3.27 X 3.20
1.04 X .94
3.2 X 3.25
.94 X .86
3.25 X 3.04
.97 X .86
3.00 )< 3.15
+++adren-
ergic
Examples of these reactions are shown in charts 1 to 4.
These reactions express the tissue response to the specific drug at the time of
the examination and represent the capillary sensitivity to the stimuli. This can
be proved by direct capillaroscopic observation. The type of sensitivity found
on one examination can usually be reproduced on a later one, when the same
conditions as far as time and food intake are concerned are strictly observed.
However, there did not exist a quantitative congruity. The results of the clini-
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cal examinations for the autonomic typification (pulse rate, pupils, blood pres-
sure, dermographism) correspond on the whole with those of the iontophoretic
test. Comparative examinations about the relation between the degree of
autonomic irritability of the skin tissue with the electrophoretic test and of the
whole organism with the usual procedure of injecting adrenalin and mecholyl
were not undertaken. However, investigations in this direction, comparing
the scarificatign test and the injection method, gave, by and large, corresponding
results (F. Deutsch (3)).
CHART 4
Name: W.J. Date: 11/23/40
Age: 23 Sex: M Wt.: 157 lbs. Ht: 5'lO" BP.: 120/85 PR.: 72
TESTING
SUBSTANCES
5' histamine
plus 20'
NaC1 so!.
RESULTING
REACTION
Wheal
Flare
SIZE IN MILLIMETERS ASTER:
REMARKS
.5 minutes
.60 X .88 .704
2.45 X 2.74
10 minutes
.70 X .86 = .602
3.00 X 2.08
20 minutes
.75 X .84 .660
2.00 X 2.15
30 minutes
.70 X .86 .602
1.65 X 2.65
5' histamine
plus 20'
meoholyl
Wheal
Flare
.84 X 1.08 .907
3.9 X 3.66
.92 X 1.04 .959
3.95 X 3.55
1.06 X 1.35 1.420
3.50 x 3.10
1.06 X 1.35 1.431
3.50 X 3.25 ++ cho-
linergic
5' histamine
plus 20' ad-
renaline
Wheal
White
area
Flare
.80 X .90 = .720
3.26 X 3.46
.70 X .85 = .595
3.25 X 3.8
.75 X .85 = .638
2.9 X 3.3
.75 X .90 = .675
2.9 X 3.5
— adren-
ergic
DISCUSSION
The test has proved to be practicable for the autonomic skin determination.
However, there arise some critical arguments, which may be discussed:
We do not know what proportion of the molecules of the chemical substances
used in these experiments entering the skin undergo dissociation into their
constituent ions, and it is unquestionable that the stimulation of the skin area
depends upon the degree of this process. However, it can be taken for granted
1) that in the small skin area chosen for the test, the skin has the same condition,
and the skin resistance, permeability, temperature of this area do not differ;
2) that, always using the same milliamperage, the same time of stimulation, and
the same concentration of the solution, the results of the stimulation are com-
parable at a given moment. Therefore, one is justified in assuming that the
effect of the ionized molecules on the skin represents the autonomic balance of
the skin, and how the constancy of the fluid environment of the body cells is
governed through this factor.
The applicability of this test has its limitations: In cases with skin lesions
of the elbow fold, and in cases with very dark-colored skin, the reactions are not
distinguishable enough.
Sometimes the borders of the flares are not sufficiently distinct and the transi-
tions from the flare to the normal skin are only gradual. Sometimes the redness
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of the flares is not uniform, but stippled, which makes it difficult to determine
where the redness ends. In a few cases the wheals develop pseudopods, which
makes it difficult to draw the correct diameters. This may also happen in
measuring the white adrenalin area, which sometimes does not enlarge from a
center, but grows out from single scattered spots.
SUMMARY
A method is presented, called "autonomic skin test", which can demonstrate
in a simple way the reactibiity of the skin to autonomic stimuli.
The technique used consists in introducing ionizable autonomic drugs (Mec-
holyl, adrenalin) into a skin area by electrophoresis, and in determining their
influence on the development of an electrophoretic histamine effect on this skin
area, which was pretreated with these stimuli.
The test shows that some individuals have a high reactibiity only to one;
others, to both; and others, to none of the autonomic stimuli. The test can be
used for the determination of the autonomic equilibrium of the skin tissue.
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